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ALPINE ANDSUBALPINEWETLANDPLANTCOMMUNITIES
OFTHEUINTA MOUNTAINS,UTAH

George M. Briggs' and James A. MacMahon-

Abstract.— Seven wetland areas in the subalpine and alpine region^ of the Uinta Mountains are described. Most

areas have a mosaic vegetation structure, comprised of several patches that are usually sharply demarcated from one

another. Each patch has a distinct species composition, usually with only one or two species. Water level is associ-

ated with some of the vegetation patterns found in these sites. Standing crop varied from 28 to 360 g/m^. Sites show
considerable variation in standing crop that could not be explained by elevation differences between sites. Sites with

water flowing over them have substantially greater standing crops than sites where water stagnates. Seasonal pat-

terns in shoot density and standing crop indicate one late summer peak in standing crop and little recruitment of

shoots over the summer. On stagnant sites, the average stem weight shows a strong relationship to stem density. This

pattern did not appear to be caused by thinning mortality and did not follow a "3/2 power law" pattern.

A conspicuous aspect of many of the west-

em North American mountain ranges is their

wetlands. The Uinta Mountains of north-

eastern Utah have an abundance of wetland

areas, from the lower elevations (around

streams in sagebrush slopes) to areas near

springs at high elevations in the alpine zone.

The majority of wetlands are found at the

heads of glaciated valleys in a zone just

above and below treeline. The vegetation in

these areas is dominated by members of the

Cyperaceae (sedges), as is much of the upland

region in the alpine zone of the Uintas. Al-

though both wetland and upland regions are

dominated by Carex spp., the structure of the

two regions is markedly different (Briggs and
MacMahon 1982). In this study we describe a

variety of sedge-dominated wetlands, detail

some of their structural attributes, and dis-

cuss some of the factors that we think are im-

portant in determining their patterns of

occurrence.

Study Sites and Methods

All sites are in the Uinta Mountains of

northeastern Utah (40°45'N, 110°-111°W),

the largest east-west trending mountain range

in North America. Bedrock throughout the

upper elevations of the range is quartzite.

The range was heavily glaciated in Pleisto-

cene time (Hansen 1975) and is dominated by
numerous large U-shaped valleys ending

abruptly in steep-walled cirques.

No attempt was made to describe or cata-

log all the wetland areas of the Uintas. In-

stead, we chose to study a variety of wetland

regions that varied in their species composi-

tion and standing crop. Most of these regions

had a patchwork appearance because they

were composed of regions (2-100 m^) of dis-

tinct species composition, often monotypic,

which abruptly gave way to regions of a dif-

ferent species mixture. In sampling these

areas, we first made a rough map that demar-

cated the "patches" found in them. Each
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patch was then sampled by the methods out-

lined below. Werefer to each patch as a site

and present figures representing the species

composition and standing crop of each of

these. The larger units of vegetation (the en-

tire meadow composed of several patches)

are not quantitatively described in this paper.

Each site was given a two-letter code that

represented the area from which it came and

a number that indicated the specific patch

sampled (e.g., SC-1 is patch 1 in area SC).

The boundaries to each site were sub-

jectively demarcated and a point was picked

within the stand. A 20 X 50 cm frame was

placed at that point and all vegetation (ex-

cept bryophytes) was clipped at ground level.

Nine additional samples were taken at regu-

lar intervals from the first point. These sam-

ples were sorted to species in the field, re-

turned to the lab, air dried for at least two

months, and oven dried at 40 C for at least

24 h. Sorting to species was quite easy, even

when based on vegetative characters, since

there were rarely more than two species per

sample. For larger species, the number of

stems was directly counted and the average

weight per stem calculated. For the smaller

species, the average weight per stem was de-

termined by weighing three replicates of 100

stems. The total number of stems was obtain-

ed by dividing the total weight of that spe-

cies in the sample by the weight/ stem. All

sites were sampled in August, when the fruits

of the dominant species were mature. Sea-

sonal changes in aboveground standing crop,

number of shoots, and number of fruiting

shoots were determined in three of the sites

by sampling three or four times during the

summer. In addition, several individual plants

were observed. The length of each leaf and

the length and condition of the fruiting culm

(if present) were measured at each sampling

time.

At each site, soil samples were dug and pH
of the soil was determined. All these sites

were submerged at least part of the summer,

and notes were made of both the length of

time the site was submerged and the degree

of water movement over the site.

Site Descriptions

Seven wetland areas were mapped and 21

sites were sampled within these areas. Each

wetland area contains between one and five

sites. Table 1 lists the dominant species, ele-

vation, and standing crop of all 21 sites. Fig-

ure 1 maps the vegetational patterns found in

the more complex areas.

The highest wetland found was at an ele-

vation of 3,768 m, in an area adjacent to the

steep, rocky talus pile that makes up the

northeast side of King's Peak in the east cen-

tral section of the Uinta range. Springs moist-

en the site all summer and feed a small

stream that traverses the site. Large rocks are

scattered throughout. The wetlands of this re-

gion consist of a series of small irregularly

shaped pools containing 1-10 cm of water at

the end of the summer. The emergent vege-

tation consists solely of Eriophorum scheiich-

zeri Hoppe. These pools were sampled as site

ER-1.

To the north of King's Peak lies Henry's

Fork Basin. The head of this basin has large

expanses of sedge meadows and willow thick-

ets interrupted by upland regions. In spite of

a homogeneity in species composition (much

of the area is dominated by Carex aquatilis),

there is considerable variation in stature and

standing crop of wet meadows within upper

Henry's Fork Basin. We sampled two sites

that represent extremes in Carex aquatilis

meadows. HF-1 is a border to a small (20 m
diameter) pond at an elevation of 3,278 m.

Vegetation consisted of robust individuals of

Carex aquatilis and Caltha leptosepala. Wa-
ter stands at least 10 cm deep throughout the

year, draining off the site to the north. HF-2
is a very different Carex aquatilis region,

with a more dense stand of much smaller

plants. There is no proximate open water and

the ground surface was dry at the end of the

summer although the ground was saturated

with water at a depth of 2-5 cm.

The remaining five areas are within four

miles of Mirror Lake on the west end of the

Uintas. Area TL is part of a circular meadow
approximately 200 m in diameter. The mead-

ow has a small stream meandering through it

and has numerous small "oxbow lakes" and

"kettleholes." The vegetation displays a pat-

tern commonly found in moist subalpine

meadows of the Uintas: monotypic stands of

Carex aquatilis and Eleocharis pauciflora,

areas of Carex aquatilis and Eleocharis pau-

ciflora mixed, and sections of bare ground, all
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surrounded by an upland that has soil with

less organic matter and a vegetation of Carex

illota L. H. Bailey, Deschampsia cespitosa,

and Ligusticwn filicinum var. tenuifolium (S.

Wats.) Mathias & Constance. A large portion

of this area has standing water year around.

This area was sampled in five sites (Fig. 1).

Areas FT and SE are small meadows in

Picea enge/mannii-dominated forests. The

vegetation in them is similar to that in TL
and is mapped in Figure 1. Both areas were
sampled as four sites. Area SC is a meadow in

a Picea engelmannii-Pinns contorta-domi-

nated forest. The meadow has a stream flow-

ing through it and is kept moist by two large

seepage areas. The vegetation presents a

complex patterning, with part of the area ex-

hibiting the mix described at the TL site.

Table 1. Elevation, standing crop, and species found on the sites.

Site
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Other parts of the meadow have a dense turf contains a mix of Carex illota and C aaua-of Scirpus cespuosus L. associated with Carex tilis. The whole meadow has standing wa"eraqtuitths Eleochans pauciflora, and Caltha throughout the year. SC was diviL fntoleptosepala. A final portion of the meadow four sites (Fig. 1).

u^^ CAAO-"r""
°^

'^"r'n^t
'''"^ ^' ^'"'^ ^^- ^' ^'^^ ^L. C, Area SC. D, Area FT. ARMO= Arnica

t^ieocnans pauciflora, JUPA - /uncti* parryi, POPA= Po« pra/en^., SCCE= Scirpus cespitosa.
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Area AQ is on the margin of a small pond
that narrows into a stream at one end. It is

surrounded by a Picea engelmannii-Pinus

contorffl-dominated forest. This area is at

least 30 cm imder water in the spring. Stand-

ing water is present to a depth of 10 cm in

the fall. One site was sampled in this area, a

region of nearly pure Carex aquatilis.

Results and Discussion

Vegetation

The number of species sampled on each of

the 21 sites (Table 1) varied from one to sev-

en. Most of the species present in the wet-

land sites are common species of the western

United States. The Carex species collected

can be separated, phytogeographically, into

two groups: western cordilleran species

{Carex nigricans, C. illota) and circumboreal

species (C. rostrata, C. aquatilis, and C
canescens).

One of the striking features of these wet-

lands is the dominance by plants that are ca-

pable of extensive spread by rhizomes. The
mosaic structure (Fig. 1) of these commu-
nities is a function of the strongly rhizo-

matous nature of the dominant plants and

some, perhaps most, of the "patches" seen

represent single plants (genets. Harper 1977)

formed by growth from a single propagule.

The patterns seen in these wetlands are prob-

ably dependent on both the history of prop-

agule arrival and on variations in environ-

mental conditions affecting the success of

particular species. A complicating factor re-

sults from the "inertia" of these sites— a re-

sistance to vegetational change resulting

from both the harsh nature of the climate and
the vigorous mode of wetland plant growth.

Both these factors could make established

vegetation patterns difficult to disrupt. Al-

though seedling establishment is common in

some wetlands (Lieffers and Shay 1982), both

Costello (1936) and Bernard (1975) noted that

seedling establishment was rare in some
Carex wetlands. Our sites included areas

where the dominant was in very poor condi-

tion (e.g., HF-2) or had died off completely,

leaving areas of bare ground (e.g., part of

TL). Both biotic and abiotic factors at these

sites may change with time. These changes

will sometimes be to the detriment of the

species that has been dominant. But, because

of the difficulty in establishing additional

species, the dominant may continue to exist

in a depauperate condition and may even die

back completely before another species is

able to invade the area. Thus, the species

present today may not reflect present condi-

tions but may represent conditions of an ear-

lier time.

One environmental variable that we found

associated with community structure is water

level. In TL and FT the Carex illota section

was always upland relative to the Carex

aquatilis-Eleocharis pauciflora sections. In

SC the part of the plot containing Scirpus

cespitosus was on higher ground than those

regions containing C. aquatilis and Eleocharis

pauciflora. Some species distributions could

not* be associated consistently with water lev-

el. Carex aquatilis could be found in areas

with both more and less standing water than

the often adjacent E. pauciflora areas (areas

TL, FT). Carex illota, although usually re-

stricted to areas with no standing water (FT-

4, TL-2), sometimes was found in areas 5 cm
deep in running water (SC-4).

It is generally thought that the influence of

water level in wetland regions is based on

variations in waterlogging and aeration. Soil

aeration may influence plants either by af-

fecting root respiration (Mendelssohn et al.

1981), which could affect water and nutrient

flow through roots, or by affecting soil nutri-

ent status. The influence on soil nutrition can

occur directly, by influencing the chemical

forms available and their solubilities (Jones

1971, 1972), or indirectly, by affecting soil

microbial activity.

The importance of aeration on species dis-

tribution is represented in our observations

on Carex illota, which is intolerant of water-

logged soils if the water is stagnant (and pre-

sumably poorly aerated), yet grows quite

well under 5 cm of water when it is flowing

over the site (and probably better aerated).

Further evidence for the importance of aera-

tion in these sites is shown in standing crop

data presented below. If aeration does in-

fluence the structure of these communities,

the complex nature of some of these sub-

alpine sites could be due to underground wa-

ter flow patterns and resultant aeration pat-

terns. These flow patterns may be due to
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Fig. 2. Graph showing the relationship between standing crop on a site and a measure of water movement over

that site.

springs and may not be readily discemable

without measurement of soil conditions.

The peak aboveground standing crop val-

ues (Table 1) varied considerably, both be-

tvi'een areas and also between adjacent sites

in one area (e.g., area SC). The very low

standing crop value for site ER was undoubt-

edly due to the short growing season and low

temperatures associated with this, the highest

site. However, aside from site ER, there is

very little relationship between elevation and

peak aboveground standing crop. Gorham
(1974) derived a regression equation relating

standing crop of Carex meadows to the high-

est monthly mean temperature of the year.

His data on 11 pure Carex stands (on both

rich and poor soils) fit the regression line well

(r = 0.84). The data of Auclair et al. (1976)

on wetland stands that were not pure Carex

also fit this regression. Using weather data for

areas in Colorado that are comparable to

ours, Gorham 's equation predicts a standing

crop of 292 g/m- for a site at 3,109 m
(10,200 ft) and 235 g/m^ for a site at an ele-

vation of 3,566 m (11,200 ft). The standing

crop values that we found are both above

and below these values, with most sites be-

low. Gorham 's equation is most appropriate

for those sites where water is not stagnant

(HF-1, SE-2, SE-3, SC-4). The sites with less

water movement have less standing crop than

predicted by Gorham. The reduced growth

on sites where water stagnates is shown in

Figvire 2, where standing crop is plotted

against a gradient in the amount of water

movement through the site. Reduced growth

on the stagnant sites is probably due to low

oxygen levels that may be disturbing root res-

piration, mineral uptake, or soil nutrient

status.

An oxygen-limited situation in Carex

meadows might explain the timing of nutri-

ent uptake in wetlands. Boyd (1970) and Ber-

nard and Solsky (1977) note considerable
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Fig. 3. Seasonal trends in aboveground standing crop

for two of the pure Carex aqtiatilis sites, SE-2 and SE-3.

mineral uptake by wetland plants in the early

spring. Boyd hypothesized that this early

mineral uptake (preceding the growth peri-

od) was an adaptation to allow certain spe-

cies to procure nutrients before other species.

Another possible reason for mineral uptake

early in the spring could be related to oxygen

concentrations. In the early spring, oxygen in

wetland soils may be at its highest levels be-

cause of well-oxygenated runoff waters and
because low temperatures increase the

amount of oxygen that water can hold. Thus,

plants may take up nutrients in the early

spring because that is the most favorable

time for root respiration.

In several of the Carex aquatilis-domina.ied

sites, we observed the variation in standing

crop during the summer. The typical pattern

in these subalpine meadows (Fig. 3) includes

a single peak in aboveground standing crop

which occurs in late summer. Gorham and
Somers (1973) and Bernard and MacDonald
(1974) also found such a pattern for wetlands

composed of C. aqimtilis and C. lacustris, re-

spectively. On our sites there was relatively

little new shoot production over the course

of the summer (Fig. 4), and the changes in

aboveground standing crop were being
caused by the growth of individual shoots.

Some Carex species (e.g., C. rostrata) have

biannual periods of shoot production and

Fig,

Carex

4. Seasonal trends in stem density (stems/m^) for

oquatilis on SE-2 and SE-3.

these may be responsible for bimodal pat-

terns in biomass (Gorham and Somers 1973),

although other factors may cause bimodal

patterns. The pattern in shoot production

that we observed for C. aquatilis had been

found previously for this species (Gorham
and Somers 1973), as well as for C. lacustris

(Bernard and MacDonald 1974), and would
be expected in regions with short growing

seasons such as the one we studied.

Based on our observations, the life history

of C. aquatilis is initiated by growth of a new
shoot sometime during the winter or spring.

The shoots grow throughout the summer and

then overwinter. The following spring the

old shoots are distinguishable from shoots of

the current year by their large size and old

leaves. One or two of these old leaves may
undergo additional growth in the spring. At

least some and possibly all of the shoots un-

dergo two or possibly more seasons of growth

before they flower or die. Many shoots may
not flower. Floral initiation is evident very

early in the spring; floral parts are visible less

than two weeks after growth initiation. Dur-

ing the growing season leaves are initiated,

grow quickly to a maximum length, and re-

main green until early September.

There was considerable variation in plant

density in the C. aquatilis stands. On the

stagnant sites (those where water was not

flowing), the variation in density was related

to stem weight. If a plot is made of the natu-

ral logarithm of plant density vs. the natural

logarithm of plant weight (Fig. 5), it can be

seen that the stagnant sites fall on a line
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Fig. 5. Graph showing the relationship between stem

density and average stem weight for five Carex aquatilis

stands where water was stagnant.

(r^ = 0.98). Sites with flowing water do not

fall on this line and have substantially greater

plant weights at a particular density than

those on stagnant sites. The regression line of

Figure 5 describes the following equation:

[1] w = 5.53p-o86

where w = individual

weight; p = plant density

plant

The form of this equation is characteristic of

monotypic stands and an exponential value of

-3/2 has been found for a wide variety of

species of differing life forms and habitats

(Gorham 1979, White 1981). The equation

has been labeled the "3/2's thinning law" be-

cause it describes the changes in density and

plant weight that occur in stands during self-

thinning. On our plots it is likely that the

pattern of density and plant weight is not

being caused by mortality (thinning) but

rather by recruitment (see Fig. 4). Gorham
(1979) cites studies with imcrowded condi-

tions, and therefore little self-thinning, where

the exponent value in equation (1) is closer to

-1. Our stagnant sites appear to be similar

areas. With an exponent of -1, standing crop

(w o p) remains constant regardless of density.

Such sites may represent areas where stand-

ing crop is limited by factors (such as fer-

tility?) that prevent densities to reach levels

where self-thinning in the typical 3/2's fash-

ion can occur. The precise factors that dic-

tate the 3/2's thinning law are still not eluci-

dated (White 1981). Perhaps studies on such

areas as these, where the "law" does not

hold, may help to clear up the problem.
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